a b s t r a c t Background/Purpose: For patients with spinal metastases, decompression surgery was usually followed by instrumentation without fusion. Over time, mechanical stress would lead to loosening of implants. Yet, there is a lack of studies concerning the loosening rate, or the impact on patients when the implants are loosened. We aim at finding the postoperative loosening rate of implant, postoperative survivorship of patients, as well as their correlation with the mode of instrumentation. Methods: A retrospective study including patients with metastatic spinal cord compression, who received decompression and instrumentation without fusion in a local hospital in Hong Kong from 2007 to 2014 was carried out. Patients with primary spinal tumour or prior spinal fusion were excluded. Demographics, tumour characteristics, mode of instrumentation, loosening rate of implants, as well as survivorship of patients were retrieved. Radiographs at 1 year postoperation were counter-examined by 2 Orthopaedic specialists on the Electronic Patient Record System. Results: Total of 65 operations were retrieved. The age ranged from 27 to 84 years old. The most frequent primary source of malignancy was lung (26.5%), followed by breast (24.62%). Thoracic level (60%) was the most frequent site of spinal metastases. The survivorship at 1 year postoperation was 61.54%. The overall loosening rate of implants was 44.44%, with the Luque rods and sublaminar wire system being the most (70%). None of the cases required revision or removal of implants at 1 year postoperation. Conclusion: The loosening rate of implants was high, and it is expected to grow even higher as oncological patients continue to improve in their survivorship with the medical advances such as target therapy. Yet there is still no definite evidence on how the implant loosening would affect patients' quality of life and clinical performance.
結果：總共有六十五個手術。病人年齡介於27至84歲之間。 最常見的惡性腫瘤主要來源是肺(26.5%)、其 次是乳房(24.62%)。 胸椎(60%)是最常見的脊柱轉移部位。 術後1年生存率為61.45%。 體整植入物鬆動率為 44.4%。當中以Luque金屬棒和椎板下端鋼絲植入物的鬆脫率為最高 (70%)。 手術後1年內均無需修復或移除 植入物。 結論：植入物的鬆脫率屬於高，隨著腫瘤患者生存率的提高以及標靶治療等醫學進步，預計其後鬆動率會 更高。 然而，仍然沒有確切的證據表明植入物鬆動將如何影響患者的生活質量和臨床表現。
Introduction
The vertebral column is the most frequent site of bone metastases and accounts for approximately 50%. 1, 3 Spinal cord compression occurs in 20% of patients with spinal metastases. 2, 4 Surgical decompression has been shown to improve pain and neurological deficit, and thus lead to significant improvement in the quality of life of patients. 4, 8 In the past, management for spinal metastases was mostly palliative. 4 However, with the technological advancement in radiological and clinical surveillance, more spinal metastases are detected at early stage. 3,9e11 Current optimal surgical approach to spinal metastases remains controversial. 5 Moreover, owing to prior or subsequent oncological interventions such as radiotherapy and chemotherapy, it is very likely that bony union by bone graft would be interfered. There is still a lack of evidence that spinal stability can be improved by adding fusion procedure at the same stage with instrumentation. As a result, decompression is often followed by instrumentation without fusion. Mechanical failure or loosening of implants has, theoretically, higher chance to occur in subsequent follow-up than instrumentation with fusion. 6 With medical advances, patients with spinal metastases have longer survival nowadays. In other words, it is expected that more cases with implants failure will be encountered. Yet, there is a lack of literature concerning the mode of implantation and the loosening rate in patients who have decompression and instrumentation without fusion for spinal metastases. In our local experience, patients with known radiological evidence of loosening were often asymptomatic. The consequences of mechanical failure and the effect on quality of life remain unclear. 7,15e18 In this study, we look into the postoperative survivorship of patients, loosening rate of implants and their correlation with the mode of instrumentation.
Methodology
All patients with spinal metastases, who received decompression and instrumentation without fusion in a regional hospital in Hong Kong from 2007 to 2014 were evaluated. Patients with primary spinal tumour and prior spinal surgery were excluded. We retrospectively reviewed their demographics, tumour origin, involved level, mode of instrumentation and survival rate. Survivorship was defined as the period from the date of surgery to either the date of death or 1 st January, 2016. Imaging at 1 year after operation was studied and compared with the immediate postoperative imaging on the electronic patient record system. Loosening of implants was defined as an increase in kyphosis in alignment with Cobb's angle difference larger than 5 , 6 displacement of implants for more than 5 mm, change in angulation of implants for more than 20 , breakage of implants, back out of screw position for more than one pitch or halo formation ( Figure 6 ). Features of loosening of implants were counter-examined by two independent orthopaedic specialists.
Results

Demographics and tumour characteristics
A total of 64 patients underwent decompression and instrumentation without fusion from 2007 to 2014. There were a total of 65 operations performed, as one patient had recurrence of spinal metastasis at a different level which required decompression. The age ranged from 27 to 84 years, with a mean age of 57.26 years. Amongst the 65 operations, 39 (60%) of those were at thoracic level, whereas cervical and lumbar regions involved 14 (21.54%) and 12 (18.46%), respectively ( Figure 1 ). Seventeen (26.15%) patients suffered from lung primary, while 16 (24.62%) patients suffered from breast primary. Other malignant origins included colorectal, thyroid, prostate, renal cell carcinoma, nasopharyngeal carcinoma, hepatocellular carcinoma, germ cell tumour, multiple myeloma, bladder carcinoma, hypopharynx carcinoma and soft tissue sarcoma ( Figure 2 ). Fifty-four (83.78%) of them had single level involvement at the time of presentation, whereas 11 (16.92%) patients had multiple levels involvement.
Survival and image retrieval rate
Sixteen (25%) patients survived till the date of 1 st January, 2016.
The postoperative survival of patients was rounded off to the nearest month, ranging from 1 month to 92 months, with a mean survival of 13.5 months. Forty (61.54%) of the 65 cases survived for at least 1 year after the operations. Twenty-seven (67.5%) of them had imaging after 1 year postoperatively, with mean survival of 27.63 months; while the other 13 patients did not have available imaging after 1 year postoperatively, with mean survival of 23 months ( Figure 3 ).
Modes of instrumentation
Decompression in patients with spinal metastases was followed by four different approaches of instrumentation ( Figure 5 ). A total of 29 (44.62%) patients had the Luque rods and sublaminar wire system, 24 (36.92%) patients had posterior screws and rods system, 9 (13.85%) patients had the anterior plate and cage system, and 3 (4.62%) patients had the combined anterior and posterior system. Choices and indication of modes of implant depended on multifactorial consideration, including patient prognosis as determined in combined orthopaedicseoncology meeting, level and degree of spinal metastases involvement and surgeons' personal experience and preferences. For example, anterior plate and cage system was the implant of choice for cervical spinal metastases which had significant vertebral body osteolysis; combined anterior and posterior system was used for patients with severe instability and cord compression in which we could not only rely on one single system; Luque rods and sublaminar wire system were chosen for long 
Loosening rates
Imaging records were traced from the electronic patient record system, in terms of plain radiographs (X-ray), computed tomography or magnetic resonance imaging. For 27 (41.54%) operations out of the total of 65, we could retrieve imaging dated at least 1 year after the operations. Amongst them, features of implants loosening were detected in 12 (44.44%) operations, including seven Luque rods and sublaminar wire systems and five posterior screws and rods systems. In patients with survival longer than 1 year postoperatively with available follow-up imaging, there was a 70% loosening rate for the Luque rods and sublaminar wire system and a 50% of loosening rate for the posterior screws and rods system ( Figure 4) . None of the patients with loosened implants required revision surgery subsequently. Owing to the limited number of retrievable imaging at 1 year after operation, there was not enough power for determination of statistical significance but only descriptive data.
Discussion
This study successfully achieved a retrospective review of implants in decompression and instrumentation without fusion for patients with spinal metastases and filled up the gap of local data concerning the postoperative survival and loosening rate. About 60% of patients in this study had survived for at least 1 year after the operation. This proportion is expected to grow in the future, considering the daily advancing medical care for malignancy, such as target therapy, which certainly increases life expectancy. For this reason, more patients would be doomed to have loosening of implants eventually. Yet, none of our patients in this study required revision surgery, suggesting that loosening per se might not be related to functional outcome. Further follow-up study would be needed to determine the proportion of patients who would eventually need salvage procedure, and whether a staged fusion is another option for patients with relatively good prognosis, such as those with thyroid or prostate as primary site of malignancy.
Following up patients with spinal metastases has been difficult, as patients were often involved in other specialities at the same time, for example, oncology for adjuvant therapy or internal medicine for other complications. We were still able to retrieve 67.5% of the patients' imaging results at 1 year after operation. In the group of patients who had postoperative survival of more than 1 year, comparing patients with available imaging with those without imaging, the two groups had similar mean survival (27 months versus 23 months).
The overall loosening rate of implants was 44.44%. This is likely to be an underestimation in the long run, because more implants fatigue and mechanical failure are expected as patients' life expectancy increases in the future. Moreover, early sign of implant loosening might not be easily detected on imaging, especially when we did not routinely perform dynamic flexion and extension views during follow-up sessions. Loosening rate was particularly high in the group with Luque rods and sublaminar wire system (70%) and the posterior screws and rods system (50%). One of the possible reasons is that these systems were usually applied to patients with long segment involvement of metastases, in which a posterior screw and rod. The anterior plate and cage system were applied to cervical levels, usually for a short segment of involvement. Despite the apparently high loosening rate with the Luque rods and sublaminar wire system, none of the patients required removal or revision surgery ultimately. Conventionally, the Luque rods system is an economical option for long segment of instrumentation. It also has a reasonably good pull-out strength, which is particularly useful when pedicles are infiltrated by metastases. Whether it still has a role in spinal metastases, taking into consideration the overall improvement in patients' survivourship, requires further follow-up study. The use of cement augmentation of pedicle screws is one possible way to improve screw stability and its pull-out strength, especially in osteoporotic vertebrae or cases with multiple spinal metastases, where the purchase of pedicle screws is suboptimal. 19, 20 Again, second stage fusion procedure after patients' completion of chemotherapy or radiotherapy may also have benefit on spinal stability in the long run for selected patients.
To improve this study in the future, we could have a more systematic follow-up scheme for patients who receive surgery for spinal metastases so that more complete retrieval of postoperative imaging could be achieved. We could collaborate with clinical oncologists and offer a guideline of follow-up schedule and regular interval imaging. Phone contact with patients in case of defaulted follow-up can also be considered. The baseline characteristics of patients in both the Luque rods and sublaminar wire system group and the posterior screws and rods system group were actually similar. All of them were applied to thoracic or lumbar levels of spinal metastases. Further accumulation of case number and collection of imaging at 1 year after operation would allow adequate power for statistical comparison of loosening rate for sure. Future study is also advised to focus on the postoperative functional performance of patients, such as the perioperative Frankel grading, Karnofsky Performance score or the American Spinal Injury Association Impairment Scale, so as to correlate the loosening rate of implant to patients' quality of life.
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